Findings {#Sec1}
========

Background {#Sec2}
----------

Scrub typhus, tsutsugamushi disease, or chigger-borne rickettsiosis is an acute, febrile infectious disease among humans that is caused by infection with the bacterium *Orientia tsutsugamushi* following the bite of infected mite vectors. It is prevalent in the Asia-Pacific region, where about 1 million cases are reported annually and about 1 billion people may be at risk \[[@CR1],[@CR2]\]. In South Korea, scrub typhus was first reported in six cases during the Korean War among United Nations military personnel \[[@CR3]\], however, tsutsugamushi disease was unfamiliar to Koreans until 1986 when some suspected patients were diagnosed with tsutsugamushi disease. After that, scrub typhus was recognized as endemic in South Korea \[[@CR4],[@CR5]\], and since then, the disease has been one of the most common rickettsial diseases with poorly understood reasons and then become a major public health problem to farmers during harvest season. In 1994, scrub typhus was designated a Group III notifiable infectious disease by the Korea Centers for Disease Control and Prevention (KCDC). Subsequently, approximately 300 cases were reported annually, with a peak incidence of 6,562 cases in 2005 and a plateau pattern thereafter \[[@CR6],[@CR7]\]. Since 2012, however, disease incidence has rapidly increased. Here, we report on the epidemiology of scrub typhus in South Korea in the last decade in order to enhance understanding of its geographic, temporal and demographic characteristics.

Methods {#Sec3}
-------

Data from the National Infectious Disease Surveillance (NIDS) system were used to analyze the epidemiology of scrub typhus in South Korea. The geographic distribution of the disease was determined based on patient residence at the time of diagnosis. The annual prevalence rate (APR: the number of cases per 100,000 people) was used to further analyze its geographic distribution. The disease's seasonal incidence was determined by grouping cases in monthly intervals. After obtaining approval from the Institutional Review Board of the Korean National Institute of Health, scrub typhus case records submitted to the KCDC were reviewed without revealing patient identity, and trends based on patients' age, sex, and occupation were analyzed.

Results and discussion {#Sec4}
----------------------

Analysis of the NIDS data revealed 70,914 cases of scrub typhus in South Korea from 2001 to 2013. Fewer than 2,700 cases were reported annually from 2001 to 2003, after which the incidence rapidly rose to a small peak of 6,780 cases in 2005, and then settled into a plateau pattern with a fluctuating number of annual indigenous cases. However, in 2012 and 2013 the incidence rapidly increased, with 10,485 cases reported in 2013 (Figure [1](#Fig1){ref-type="fig"}A).Figure 1Scrub typhus in South Korea. **(A)** Total incidence of scrub typhus in South Korea between 2001--2013. **(B)** Annual prevalence rate and space-time clustering of scrub typhus cases at the county level in South Korea. SE, Seoul; GG, Gyeonggi Province; GW, Gangwon Province; CB, Chungbuk Province; CN, Chungnam Province; JB, Jeonbuk Province; JN, Jeonnam Province; GB, Gyeongbuk Province; GN, Gyeongnam Province; JJ, Jeju Province.

The incidence of scrub typhus varies with sex, age, and occupation. Scrub typhus patients were more likely to be female (44,565 cases, 62.84%) than male (26,349 cases, 37.16%). The sex-specific incidence (female/male ratio) did not change over time, varying slightly between 1.56 and 1.91 per year. Patients aged 60--69 years (19,484 cases) comprised the highest number of cases, followed by those aged 70--79 (16,141 cases) and 50--59 (15,587 cases) years. These age groups comprised 72.2% of the total number of scrub typhus cases (Figure [1](#Fig1){ref-type="fig"}A, Table [1](#Tab1){ref-type="table"}). It is worth noting, however, that the disease has been increasing in all age groups, especially in children aged less than 10 years. Farmers had a higher incidence of scrub typhus than non-farmers, although the proportion of cases in non-farmers increased over the study period. The majority (91.8%) of cases occurred in October and November, but a considerable number were also reported in December (3,995 cases, 5.6%). Lowest cases (75 cases, 0.1%) were reported in March. Interestingly, 389 cases (0.5%) were reported between January and February, i.e. the winter season in South Korea (Table [2](#Tab2){ref-type="table"}).Table 1**The number of Scrub typhus cases according to age in South Korea during 2001-20132001200220032004200520062007200820092010201120122013Total**\<104438165571624945496057969273410 - 19261520557969766164777912411185620 - 29763630105152148147121981331172022261,59130 - 39168108622973723503202592152502054443793,42940 - 494072301716618969637957356006705468889838,54550 - 595563662659281,4081,3781,2811,3201,0761,2591,2311,9702,54915,58760 - 697606534741,3752,0221,8061,7011,6621,3151,4731,3082,1642,77119,48470 - 794783872959731,4191,3481,3031,4541,2371,3491,2412,0992,55816,14180 - 8911584802393413323353743213683495847644,28690 \>72210202415262032183352261Total2,6371,9191,4154,6986,7806,4806,0226,0574,9955,6715,1518,60410,48570,914Table 2**The number of Scrub typhus cases by month in South Korea during 2001-2013JanFebMarAprMayJunJulAugSepOctNovDecTotal**20015111104471,0071,4991072,63720026331773522962843571,9192003532476319642642911,415200471226606141,8292,6671584,6982005102034975242,1594,1673906,78020061134138955292,0543,7665736,4802007251061113171211261,1234,3743946,0222008141028228126383,0352,5473556,05720093917131514211412511,7392,6414194,99520102313111627272727601,2033,8324055,67120113711101325241828771,8252,7183655,151201251411517201425361023,6804,3412628,604201325166931334027743,7066,09941910,485Total2581317511318518117017353324,96440,1363,99570,914

Cases of scrub typhus were not evenly distributed throughout the country. It showed that the disease spread over time was more prevalent in rural areas than in urban areas. The highest number of cases was reported in Jeonbuk Province (JB, 9,425 cases; APR, 40.23) followed by Jeonnam Province (JN, 7,403 cases; APR, 32.14), Chungnam Province (CN, 8,493 cases; APR, 30.73), and Gyeongnam Province (GB, 8,746 cases; APR, 20.82) (Figure [1](#Fig1){ref-type="fig"}B). The primary industry in these provinces is agriculture or agriculture-related activities, and most patients were farmers. Since most cases of scrub typhus occur in elderly farmers, the higher incidence of female patients may be due to differences in work behavior between men and women during the harvest season, when there is an increased possibility of exposure to infected chigger mites. Cases of scrub typhus have also increased in urban and suburban areas, correlating with the increase in the incidence of the disease in non-farmers. For instance, the APR in Seoul Metropolitan City increased from 0.54 in 2003 to 3.75 in 2012, in Busan Metropolitan City from 1.50 in 2003 to 23.30 in 2013, in Daegu Metropolitan City from 1.01 in 2003 to 19.54 in 2005, in Incheon Metropolitan City from 0.25 in 2002 to 4.44 in 2012, in Gwangju Metropolitan City from 3.45 in 2003 to 32.93 in 2013, in Daejeon Metropolitan City from 2.03 in 2003 to 33.86 in 2013, and in Ulsan Metropolitan City from 2.81 in 2003 to 59.73 in 2013. In our previous study about the geographical distribution of scrub typhus vectors, a survey of larval trombiculid mites had been conducted during 2005 to 2007 by collecting wild small twice a year at 24 sites nationwide. The predominant mite species were *Leptotrombidium pallidum* (52.6%), *Leptotrombidium scutellare* (27.1%), *Leptotrombidium palpale* (8.2%), *Leptotrombidium orientale* (5.6%), and *Neotrombicula tamiyai* (1.7%). However, the geographical distribution map of the *L. scutellare* chigger index was identical to the incidence pattern of scrub typhus, whereas those of overall mites and *L. pallidum* showed no relationship with case incidence patterns \[[@CR8]\].

The recent expansion of scrub typhus in South Korea may be closely associated with factors such as the physical environment and human activities. Future research is required to identify the role these factors play in the epidemiology of the disease. It is expected that the number of scrub typhus cases will continue to increase, although there may be some fluctuations. An intensive nationwide surveillance system is needed to ensure rapid diagnosis and treatment, and to monitor the changing environment, including the rodent population, and emerging drug resistant strains, until effective vaccine development reduces its incidence. In addition, education of the public through the media on the risk factors and symptoms of scrub typhus, together with personal protection methods during farming, gathering chestnuts, even outdoor activities during winter season, and taking breaks in areas adjacent to agricultural operations, should be undertaken.
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